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r, 1. 0 (S) 1NTII(I )I i TI(N (.,)

1. 1 (S) Background (U)

(S) During the summer of 1973, a series of French atmospheric nuclear

tests was conducted in the vicinity of Mururoa Atoll in the Taumotu Archi- .
pelago of the south Pacific. These tests were monitored by the Defense

Nuclear Agency, in conjunction with the U.S. Atomic Energy Commission

and the U. S. Air Force as part of an ongoing experimental measurements

program. Technology International Corporation was responsible for pro- -4

viding a wide array of optical coverage of the French tests under the direction

of I)NA as part of Operation Hfula loop.

(S) The primary ubjectives of the DNA projects were to acquire data .

relevant to radar clutter and transmission properties of nuclear environments

and, also, optical infrared properties of the atmospheric environment in

proximity to such detonations. Other priority objectives included the record-

ing of early time fireball phenomenology, atmospheric excitation effects, and

overall cloud development history. In concert with these objectives, optical

r measurements performe! by TIC were designed to:

a) Provide optical image data of the spatial structure of the debris

cloud as a function ot' time for correlation with the primary radar

clutter experiments (0 to 20 minutes). fs

b) Provide data documenting air entrainment, debris-air contact, torus

formation, turbulence and other special morphological features in

nuclear debris clouds for correlation with current theoretical

models (0 to 20 minutes).

c) Provide optical records of the events from which luminosity, ap-

parent surface temperature, and spectral information may be ob-

tained (0 to 20 seconds).

iS E C R E=T ?AEBtM~O lj3- .... ... . . .
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(5) The Frencli nuclear test series included thc detonation of four

balloon l)nrno devices and one aircraft dropped device. In addition to the

nu(lear experirieits, a non-nuctlear tower shot occurred on 13 September

1973. In the balloon borne events, each device was suspended from a gas-

filled, fin-stabilized balloon guyed by a three cable tethering system to

barges floating in the Miururoa lagoon. These four near-surface events

encompassed yields ranging from approximately 0.05 to 13.5 kilotons, while

the yield of the airdrop was estimated at approximately 6. 6 kilotons. Table

I summarizes the date, time, yield and optical coverage for each of the five

nuclear events, utilizing a I. S. adopted numbering system for the French

events.

1. 2 (U7) Operational Platforms

IDNA employed three platforms for the monitoring and experimental

program, s, TIC operated the nia, ority of its optical m easu Lre nien ts instrumen-

tation aboard the I SNS Wheeling, a Pacific Missile Range vessel, in support

of the primary radar experiments conducted from that platform. In addition,

r several TIC photographic systems were operated from a L[AST,/AEC KC-135

aircraft (no. 600369) deployed from Hickam At!-, Hawaii, and on board the

_SS Corpus Christi Bay (which included project heicopters). The Wheeling's

course was planned as a constant radius arc around the test site area. '[he

positions at zero time for the ship and the grouLnd track of the aircraft are

given for each individual event in Figures 1 through 5. Fable IT contains the

exact location and range of each event from each of the three platforms.

ftt
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TA BLE lI (S)

PLATFORM POSITTON PARAMETERS AT DETONATION TIMES (U)

SEvent -Fr 47 Fr48 -r49- Fr50 Fr 51

DeoainWest North North West Airdrop[ Site

I UJSNS Wheeling (1)

Range (nautical miles) 20. 78 19.97 19.83 19.81 -

Event azimuth (deg. true) 215. 93 . 88. 18 251. 16 215. 96 -

Latitude (deg. S) 21. 586 21. 802 21. 685 21.599 -

Longitude (deg. V.) 138. 778 139. 248 138.555 133.787 -

l-1
LJSS Corpus Christi Bay (I)

Range (nautical miles) - -22. 0 22. 3 -

Event azimuth (deg. true) - 114.9 59.7

Aircraft 369 (2)F Ground Range

(nautical miles) 25.0 1578 25.0 25.2 26.0
Event azimnuth (deg. true) 170.21 158.50 148. 32 144.26 201.21[Altitude (ft.) 22180 -- 26080 26550 26370

(1) LJSNS Wheeling and USS Corpus Christi B~ay position paramleters A
from J1. Depp. SRI.

(2) Aircraft 369 position parameters from J. Malik, LASL

SECRET



._.;: .1.3 (S) 00.i(tical .Instrurrentation (U) -.%

[ ,:- ....... (1U) A variety of photographic and electro-optical instrurrentation]

---

.. 0:!:.:...:::;.s vs y t em s .,wer-e deployed to .gather, the data required to-achieve the . ]

....... objectives of the Operation Hula Hoop programn. L~arge format . ...

_ ............. (5" and] q 1/2" film size.,). long focal length, pulsed cameras were ]

' :=i. .:--.:......used to obtain the high resolution data necessary for spatial structure_

analyses for radar clutter correlation. Sqhorter focal length (wide angle), A"1

,,:: large format, pulsed instr'umentation provided documentation of late time-i

:-.. :. ,cloud morphology. W :-

i~i(S) The acquisition or early time fireball dvlpetand radio-'-

":{5 I metric data was achieved by the use of hfigh speed, high resolution eine '

: . , systerns whiich titilize-d( 16nin and :i5,nim F'ilm furma~s. Thiese in ,tru-

. I mrerits produced similar sized iniages within the Smaller, film frames -;

_= .... ]and were therefore located on a trainabte mount systemn in order to-:

.maintain the source within the field of view. Some of the high speed A-

.... cameras were filtm'(.,d to either decrease the density of the exposure :;

~or emphasize a particular region of the source spectrum for- better "

FA

,. definition of certain early tit-te phenomenology. Special spectrogr'aphic ;

systems were enlployvud to allow data collection over broad ranges or

the optical spectrurn. Thus, the overall spe ctral distribution of the

" source incident at the senrsor" was obtained. i

! 1 (IT) In addition, several video systemns were employed as pointing !

t" controls r the optical -systems located on thie trainable mount andi ror .

!post-event analysis of general phienoinetiology. The complete instrument . .

~p Ian is contained in Appendix A. i
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-- 2.0 (S) EVENT 1)ESCRIPTION SUMMARY (U)

(S) High resolution photographic data was obtained by TIC from

the USNS Wheeling and the USS Corpus (h i is, ti -Bay for all four balloon . ,

supported French nuclear events, hereafter referred to as Fr 47, Fr 48,

Fr 49 and Fr 50. A fifth nuclear detonation (Fr 51), an airdrop, was

unobserved by either of the two ship platforms, but approximately

8 minutes of Fr 51 event data was collected from the airborne LASL

platform, AC 369. Data was also obtained aboard the aircraft during

events Fr 47, Fr 49 and Fr 50. A schematic presentation, Figure 6,

summarizes the optical data collection periods from each platform for

the four near-surface events. This figure includes the specific cate-

gories of coverage obtained by the USNS Wheeling.

(S) As part of the Ilula Hoop analysis effort TIC has produced a

technical pictorial history report for each of the four events observed

by the V\ hecling (Ref. 1). Each report presents a high resolution

photographic summary of event morphology with special emphasis on

early time fireball and debris cloud development. Scaled photographic

plates in these histories were printed from original high resolution cine

and large format data records from both ship borne and airborne

platforms. Detailed explanatory and descriptive text supports the

photographic data presented for each event. Since these reports were

distributed among the user agencies and their contractors, only

representative photographs are included in this report, along with a
summary description of each event,.i

13SEC
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2.1 (S) Event Fr 47 (S) -1.* ]

(S) The first balloon supported device in the 1973 series was

detonated at approximately 200 + 10 meters above the water surface

with an estimated yield of 13.5 + 2.0 kt in the west site area of the

Muroroa Atoll (21 July 1973 0900 local). Scattered clouds and

showers intermittently blocked the platforms views of. the event. Time-

to-minimum occurred at about 12 msec., followed by the development
.. of an atmospheric condensation cloud and formation of a typical turbulent

mushroom cap rising into a natural cloud layer at about 4. 5 see. After

Ireappearing above the first ambient cloud layer, a brownish-orange

color had been distributed throughout the nuclear cloud cap. By 3 min-

utes after zero, an ice cap had formed over the still brownish cap.

Figure 7 is a representative photograph depicting the fine structure of

the overlapping ice cap layers. (The solar vector is from the left.

Ice cap dimensional characteristics are presented in Table III as

related to time after zero. Gradual dissipation of the event was

§photographically observed olt to 24 minutes.

2.2 (S) Event Fr 48 (S)

(S) The detonation of Fr 48 occurred at a burst height of approxi-

mately 260 + 10 meters in the north site area under generally clear

skies (28 July 1973 - 1400 local). This small 0.05 to 0.1 kt yield

event was unobserved by the aircraft platform. Following rapid,

asymmetrical fireball expansion, the color of the nuclear cloud very

slowly changed from gray to white. No brownish-orange coloration nor

ice cap formation was observed. Moreover, the usual stem was not

evident throughout the data collection period of approximately 20 minutes.

Figure 8 depicts the structural fireball characteristic of this event.

15
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Figure 7 (S). Event Fr 47. H + n3 8s c 2 m (A)
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2.3 (S) Event Fr 49 (S)

(S) Extensive (-loud cover obscured data collection from both ship

platforms after a few seconds of this 4. 3 + 0. 6 kt event which was

I. detonated at a height of 245 , 10 meters in the north site area

(18 August 1973 - 0915 local). Photographic images from the ship

platform exhibited distinct surface brightness irregularities up to

approximately. 2.5 see. after which observations were obscured by

natural cloud cover. Slightly more than 6 minutes of photographic data

It was recorded from the aircraft platform during two passes between 1

and 12 minutes after zero. Some radial asymmetry was evident during

very early fireball expansion prior to minimum time which occurred at

about 8. 5 msec. Figure 9 shows the stemmed toroidal mushroom cloud

e as seen from the aircraft after portions of the cap had taken on a

brownish-orange coloration. Later TIC optical coverage from the air-

craft recorded the drift and dissipation of the brownish cloud.

2.4 (S) Event Fr 50 (S)

II (S) Clear weather and 100O visibility enabled excellent ship and

aircraft observations of the last balloon borne device of this series

(24 August 1973 - 0900 local). This event was detonated in the west

site area at a height of 195 + 10 meters with a yield esfimated between

0. 125 and 0.2 kt. Asy-rnetrical morphology and stur'ace structure

variations characterized the initial expansion of the Fr 50 fireball, along

with a surrounding condensation cloud formation. Subsequently. the

rising debris cloud with its twisted stem exhibited a coloration change

from predominantly brown to white as it drifted laterally, finally

reaching an early stabilization height as shown in F igure 10.

19
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Figure 9 (S). Event Fr 49. H + 96 s. Scale 17 0 m (S)

20

SECRET



SECRET

Lrn

Lfn

El E21

SECRET



SECRET

2. 5 (S) Event Fr 51 ( ))

(S) The last French nuclear test in the 1973 series was an

airdropped device with an estimated yield or 6.6 kt (28 August 1973

0930 local). Only minimal photographic data was acquired with a TIC"

c amera on board AC 369 for 7-8 minutes starting approximately

2.75 minutes after zero. P'igure 11 is representative of optical

cOverage of the dissipating debris rloud as viewed from thle aircraft

during this period.

2.6 (S) High Explosive Safety Experiment (11)

I(S) No flash was perceived at the time of detonation of this non-

nuclear tower shot as the event was gcometricaflv below the optical

horizon from thle ship (13 September 1973 - 0642 loeal). A very sm-allAA

cloud was discernible just above the horizon ten seconds later and

persisted for about 50 seconds more.
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3.0 -(S) CLOUD-:DEVELOPMENT HISTORY (U-) - -

,..7i - (S) The high resolution photographic records obtained for the

Defense Nuclear- Agency. -during:.Operation ..Hula -Hoop have been analysed

to provide spatial information on the cloud height, width, -and other " .

selected geometric features. Expansion rates have been derived from

the cloud dimension versus time curves. Also included in this section •

are the initial (pre-zero) pararnte-ers for the events as observed from

the DNA surface platform, the. USNS Wheeling.

(K) A short discussion on the data reduction techniques used to

obtain the spatial information is presented as a prefix to the data results.

3. 1 (S) Data Reduction Technique (U)

(S) Photographic records of three events, Fr 47, 48, and 50, were

analysed to determine the spatial characteristics of the fireball and :I

debris cloud as a function of time. These records were made from the 7

P4 iUSNS Wheeling platform. The determination of the physical size or

dimension of an object observed on a photographic image is obtained by

a simple trigonometric calculation assuming a known range to the A

object as follows:

(object size) (image size on film (focal length o r lens)

Vertical dimensions should be corrected for:

a) Earth's curvature geometry, E

h) Height of observer (Incorporated in a) above)

0) Atmospheric refraction, A -

SEE24T
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.(S) The correction. E, for the earthts curvature geometry and

the correction, A, due to atmospheric refraction are discussed at length

in Appendixes B and C respectively. The earth's curvature correction

will be affected -to a small degree by the roll of the ship, -the size of

the ocean swells, and the position of the ship on these swells. Atmos- if

pheric refraction makes objects appear higher in altitude than they

actually are. The actual height above sea level, H, of an object,

F' -including the above corrective terms, is given by

x ( range .. ....
01 focal length of lens

where I is the measured image height. The actual burst height can
0

usually be determined within + 10 meters. '[able IV gives a summary

of the correction values for both earth's curvature and atmospheric

refraction used for calculating the geometric dimensional characteristics

V. for the four events Fr 47, 48, 49 and 50. These correction values

were determined using the equations in Appendix B and C. It should be

understood that although the range to the event is known at zero time, A

the subsequent motion of the debris cloud upward and laterally with

prevailing winds will cause larger errors in the determination of late-

time spatial characteristics.

3.2 (S) Pre-Event Parameters (U)

(S) Table V gives range information at zero t:ime for both the ship

and aircraft platforms for each of the four events Fr 47, 48, 49) and 50.

The aircraft platform was not on station for Fr 48 and, therefore, no

range data is given in the table. Also shown in the table is the

balloon-device separation and height of burst. Within experimental

error the value for the balloon-device separation is constant for all fou r
4
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events. Fr 48 and 49 appear to have been detonated at a slightly

higher altitude than Fr 47 and 50. The values calculated for balloon-

device separation and heights of burst are similar to values obtained

from the previous tests Fr 44, 45 and 46.

(S) To adequately reduce and interpret information on the photo-

graphic records, it is essential to know both the pre- and post-event

weather -conditions in the vicinity of the platform. Table VIgives the

pertinent local weather conditions at sea level for the four events.

Included in the table are sea water temperature and the period and

height of local sea and swell waves. Note that this information applies

only to local conditions at the ship as opposed to the area between the

ship and atoll. For events 49 and 50 rain showers in the vicinity led

2 i to some uncertainties in the atmospheric transmission values between .

the observation platforms and detonation point. Appendix D lists the j
detailed weather conditions as a function of altitude for both pre- and
di w

post-event. Included in this listing are the wind parameters that were

S available for each of the four events.

3.3 (S) )imensional Characteristics (I)

(S) Detailed late-time geometric data out to approximately ten

minutes after detonation was obtained for the three events Ir 47, 48, 1

aid 50. The debris cloud 'rom rV 49 was visuallv obscured in less

than one minute by natural clouds, while for 1;'r 51 the USNS Wheeling

was not on station to observe the event. Early-time spatial data A

(1-30sec) was also obtained t'or events Pr 48 and 50. The photographic

records used in this analysis were obtained from high resolution cameras -

recording data at 10-30sec intervals and having a spatial resolution at A

the source of approximately 2-5 meters. Appendix A has the pertinent

SECRET
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j - details of these camera systems.

(S) The objectives of the spatial analysis effort were to determine

the cloud dimensions both in the vertical and horizontal plane, expansion

rates, and dimensional characteristics of other selective geometric

objects such as the ice cap observed in the Fr 47 event. tn general,

color film records were selected for analysis in order to enhance the

discrimination of cloud structure. For determining dimensions of fine

structure within the debris cloud black and white records were studied

since they have higher spatial resolution qualities.

3.31 (S) Event Fr 47 (S)

(S) Fr 47 was the largest yield event, 13. 5 kt, of the Hula Hoop -

series, detonated at an altitude of 200 meters.

(S) High resolution photographic records yielded spatial data

coverage from zero to approximately 10 minutes after detonation. At

early times (1-30see) the debris cloud was partially obscured by -I

natural clouds. Good weather conditions prevailed with the exception of

the low cloud bank at about 2000 ft. altitude (see Table VI). After

thirty seconds the debris cloud was above the natural clouds and good

dimensional data was obtained. Measured values for both cloud height

and width versus time are plotted in Figures 12 and 13 respectively.

The upper curve in Figure 12 is a plot of the height of the top of the

debris cloud, determined visually as a function of time; the lower curve

is a plot of the height of the bottom of the debris cloud, not including

the stem. The top of the cloud appears to begin stabilizing at four A

minutes at an altitude of about 7,500 meters. By 10 minutes the cloud

height is seen to have reached 9, 500 meters. j
30
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(S) Consistent with the cloud top height, the height of the bottom

( loud is seen to have reached a maximum height (of about 6,000 meters)

* by four minutes also. The vertical rise rate for the top height of -the

cloud was calculated to be 24 m/see over the time interval H = 0 to

. .+ 2. 5 min. At later times the vertical rise rate decreased to less

than 6 m/see as the cloud height began to stabilize. The vertical cloud

dimension, top to bottom, at 5 minutes is approximately 3,000 meters.

This corresponds fairly well with the cloud width at the same time (see

Figure 13). The expansion rate in the horizontal direction, obtained from

* :Figure 13, is 22 m/see at H + 20 see and 11 m/sec at H + 2.5 min.

In determining the values presented in Figures 12 and 13 a constant range

was assumed for all times and no correction was made for horizontal

motion of the cloud. The wind profiles and cloud width dimensions should

be studied to approximate variations in true slant range. In the data

. plotted in Figures 12 and 13 the small variations from a continuous or

smooth curve are probably due to instrumental effects.

(S) A comparison of the Fr 47 event with that of Fr 46 from thet 4previous year indicates that even though the height of burst and yield

wereapproimately the same (1-r 46; 1IOD 215 kin,yil=6.5k)were approximael th ae(r4;I~3=25knyield = 6. 5 kt),

at roughly H + 5 minutes the debris cloud from Fr 47 expanded in a

horizontal direction 4 times greater than that of the debris cloud from
Fr 46. The vertical expansion and rise rates show no large differences

between the two events.

3.32 (S) Event Pr 48 (S)

H (S) 'his event was the smallest yield (0.05 kt) experiment of the

iHula loop program and was detonated at approximately 260 meters.
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. (S) Good photographic coverage of this event was obtained from

zero time to approximately H + 10 minutes with a small gap in the

* coverage between three and five minutes due to natural clouds. Values

for both the debris cloud height and width as a function of time as

determined from the photographic records are plotted in Figures 14 and

15 respectively. The upper curve in Figure 14 is a plot of the

apparent height of the visual top of the debris cloud and the lower

curve is a plot of the bottom height of the debris cloud. It is seen

from the figures that stabilization is reached at about 4. 5 minutes at

an altitude of approximately 2, 100 meters. After 8 minutes the cloud

height has reached an altitude of 2,400 meters, with the cloud body

having dimensions of 900 meters in the vertical direction and 1300 meters

in the horizontal direction. It should be pointed out that in Fr 47, a

* i much larger yield event, the vertical and hnri~orital dimensions of the

- cloud were about equal at its stabilization altitude of roughly 9000 meters.

Stabilization times, for the two events, appear to be equal.

(S) Figures 16 and 17 plot the early-time cloud development for

f Fr 48 from 11 = 0 to H - 30 see. Plotted in Figure 16 is the visual

top and bottom heights of the cloud and Figure 17 gives the cloud width

as a function of time. The data in both figures are smooth and slowly

changing. The calculated vertical rise rate from Figure 16 is 14.0 rn/sec

I at H 4- 10 sec. The horizontal expansion rate at this time as determined

from the slope of the curve in Figure 17 is 10.6 in/sec. At II + 20 seeI the horizontal expansion rate has decreased to 6.3 m/sec. The vertical

rise rate has remained constant at 14.0 m/sec over this relatively

short time interval. At later times, 1I + 2.5 minutes, the vertical

rise rate is calculated to be 4.7 tn /sec, with a horizontal expansion

rate of 2.9 in/sec.
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3.33 (S) Event Fr.49 (S)

(S) The Fr 49 detonation occured at an altitude of 245 meters

with a yield of 4. 3 kt, the third largest of the Hula Hoop series.

The weather conditions in the area between the USNS Wheeling and

the detonation point consisted of localized showers and scattered clouds

with a ceiling of about 2000 ft. The extremely poor visibility allowed

optical data acquisition during only the initial few seconds from the

ship platform.

(S) Early-time high resolution photographic coverage Was obtained

of the fireball and partially self-luminous debris cloud out to a time of

about 2.5 seconds. Beyond this point the cloud rose into or behind the

ambient low-lying natural clouds. The debris cloud was no longer of

sufficient contrast with the surroundings to be clearly defined on

photographic records obtained from the ship platform. "

3.34 (S) Event Fr 50 (S)

(S) The Fr 50 event was detonated at an altitude of approximately

195 meters and had a yield of 0. 125 kt. The yield of this event was AA

about twice that of Fr 48 but considerably smaller than that of Fr 47
and 49.

(S) High resolution photographic coverage of this event extended

out to about H -+ 13 minutes. The debris cloud dim ensions have been

plotted in Figures 18 and 19. Figure 18 shows the visual top and .

bottom heights of the debris cloud as a function of time. In Figure 19

the cloud width is plotted as a function of time. (Irregularities in the .

curves are probably duu lo instIAlnlental effects. ) Stabilization time

SECRE .- .39
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(S)

appears to occur roughly at 4.5 minutes comparable with those of

Fr 47 and Fr 48. Stabilization altitude was measured to be about

2000 meters with a slow drift upward to 2200 meters by 6 minutes.
-At 6minutes the debris cloud has a vertical dimension of 800-meters

and a width of 1700 meters. These values are similar to those of the

Fr 48 event where vertical and horizontal dimensions at late time

were 900 and 1300 meters respectively. The early-time (0-30see)

cloud heights and widths are plotted in Figures 20 and 21 respectively.

The visual top of the debris cloud is plotted in the upper curve in

Figure 20 and the lower curve is the bottom dimensional height of .1
: -) the cloud.':

(S) The vertical rise rate, as determined from Figure 20. was ..- I
19.3 m/sec at H + 10 sec. The horizontal expansion rate at this

same time was 11 rn/sec decreasing to 7 m/sec at H + 20 see. At

H + 2. 5 minutes the debris cloud's vertical rise rate had decreased to

5 m/sec. The horizontal expansion rate at H. + 2.5 minutes was 3 m/sec.

The rise rate and expansion rate values for Fr 50 are seen to be similar

to those observed for Fr 48.

(S) Table VII lists the vertical rise rates and the horizontal ex-
pansion rates for the three events Fr 47, 48, and 50. By comparisont

it can be seen that Event Fr 47 rises and expands more rapidly than

either Event Fr 48 or Fr 50 as would be expected. The expansion and

rise rates of Events Fr 48 and Fr 50 compare extremely well considerinig

the slight differences in yield and height of burst.
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4.0 (S) RADIOMETRIC MEASUREMENTS (U)

A- (S) In addition to the extensive spatial measurements made by TIC

in support of Operation Hula Hoop, a limited number of photographic

records were made to provide a photometric data base for the early

luminous phase of the nuclear experiments, In general it is possible to

measure radiometrically the yield related parameters of time to minimum

and time to second maximum (except for high altitude detonations), as

well as the integrated brightness or optical power of the radiating source

-. in the photographically visible region of the optical spectrum. The first

two parameters ar independent from the absolute brightness of the source .1
whereas the latter parameter is dependent upon a properly calibrated

photographic (or electro optical) imaging system.

4.1 (S) Photographic Film Calibration (U)

(U) In order to determine the relative or absolute brightness (or

radiance) of a radiating source using photographic recording techniques,

the film must be processed using appropriate sensitometric control methods.

(In addition, the atmospheric transmission must also be known -- as a

function of spectral wavelength. ).

(S) Kodak Plus-X Pan black and white film was selected for the Hula

Hoop radiometry measurements because of its wide exposure latitude with

linear photographic response. Calibrated densitometric step wedges were

exposed on the same unexposed film stock with a xenon flash sensitometer

for event records from Fr 47 and Fr 48 and with the aid of an absolute

calibrated tungsten sensitometer in addition for event records rom Fr 49 3

and Fr 50. From the latter calibrated scales a plot of density vs. (log) A

46 .AR
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exposure was generated with both a specular (narrow beam) and diffuse

(hemisphere) type densitometer, the specular being used for data analysis

and the diffuse being used for corretation of the processing control of the

records and step-wedge controls.

(U) Having determined the D log E response curve of the fitm record,

the exposure energy associated with a measured density from a particular

area of the record image can be readily obtained. The radiance of the

source image can then be calculated as described in the fo.;,1-wing s-cti.7n.

4. 2 (S) Source Radiance Calculation Procedure (IT)

(U) The measured image density on a f'im record can be related to
,'. " an absolute energy at the 'ilin platie as described1 in section 4. 1 above. .This procedure is generally used (and is in this analysis) to relate density "A

to effective exposure assuming that the spectral sensitivity of the particu-

lar film emulsion employed is constant over the useful exposure range. ,

The radiance calculation. however, must take the source spectrum into.i

I account; initially to account for the variation in atmospheric attenuation

as a function of wavelength and ultimately to relate the source surface

brightness to temperature.

4
(U) The effective exposure on a photographic film. ' produced by

a distant source near the optical axis of the imaging systEm is given by

7 1
107 t N( x)'( ,( )d X ergs/cm 2  (1)leff - 4( /n)2  ..

17
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where f/n f - number of the imaging optics

t = exposure duration in seconds

: : " -i NO ) = source spectral radiance in watts - ster - A -

T(,\) combined spectral transmittance of the atmosphere "

and all optical elements, e. g. lenses, filters, etc. I
= relative film spectral sensitivity (obtained from

published Kodak data)

(U) Since it is desired to calculate the (spectrally) integrated source

radiance Nab (over the wavelength interval a to b). it is necessary to

determine a suitable expression for this term. First, Nab is defined as

N. .b 2

N N( x)d x watts/em - ster (2)
ab fa

The finite integral can be further expressed by redefining

2
N(X) X N n) wattscm - ster- A (3)

where N N (W), the maximum value of the source spectral
0 max

radiance in watts/cm2 - ster - A

n(W) relative source spectral distribution

Substituting equation (3) into equation (1) and solving for N yields

N 4(f/O Eq (10 r 1 TL)~ % (4)~X

2watts/crn ster -A

48
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(U Further substitution into equation (2) derives the desired ex-

pression for the integrated source radiance

4(f/n) 2  e f  n( )d. ..

N watts /em s tut' (5)1-:t nr t n( XT( X )S X )d X -

(S) 'he effective spectral cover age of the Hula oop film records

was essentially 4000 to 7000 A. The relative source spectral distribution

ii( X) was obtained by the use of a scanning spectrometer which recorded -

j the source strength as a function of wavelength and time. Figure 22 is 1 ,

a reproduction of the spectrometer display at T -i 0. 166 sec for the -i
Fr 47 event. The upper curve represents the product n(x)T (). where

T (W) is the integrated atmospheric transmission hetween the source and
a 4

. the recording system. The lower ciUrVe represents the sky IxackgrounId -I
observed just prior to the Ir 47 event.

(U) The source spectrum, n(N) used in equation 5, above, is ob-

tained by dividing the apparent spectrum n(X)' (W) by T (X) which inIa a
this analysis is derived by calculational procedure as a function of dis-

erect wavelength intervals. J

(1-.) The atmospheric transmission. ( X), in the spectral range
a

. 000 to 7000 A was calculated by considering the effects of atnospheric

9 n molecular scattering, water vapor absorption, and aerosol scatteyring and

I absorption over a 37 km horizontal maritime ray path.

(IJ) Values for the molecular absorption and scattering coefficients

were obtained from Allen (reference 2 ) and V alley (reference31. '[he

contributory effect due to aerosols wis estimaled on the basis of

measured continental environm ent effects. I the largest contribution to
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tic, 9 attenuation iii contineantal air is due to a erosols and other sus-

pended particles such as dust and fog. Attenuation of visible light b

aerosois is considered ifo. be proportional to the cotlcentratictn of largeA

kerosols. i4 P. ,particles of 0. 1 to 1. 0 microns ina diameter. Calculations,7

described in D)NA 3396 'reference 4) indicate that t'he concentrations of l&argeI

partioles in rnaritjme air m-ay be 1/20 ihe large partiech concentraticri in

the normalized ''clear" continental atmosphere model. On this b~jsis, the

aerosol absorption and scattering coefijeents used in thc present -alcula-

tion were derivod by m-ultiply'inig the ''~r'model coelificients given in

IIref. 3 by the factor 0. 05- Resultant atnwspheric transmission values

were calculated in consideration of all of the abov~e pertinent effects as

a function of 500 A .wav'elength intervals and are presented below.

FIrni,,i o
i-i (IT) Dividing the~\Va uper cuve h ow in 'i1'a2byte ~li

~tI l~eerA f te spctrm 5~~ aoun
II ~~ ~ ~ 40 trniiintrs hfsteeeg dsrbto9 . oetwr h

4500 .22
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Figure 23 (S). Event Fr 47 - Relative spectral energy distribution
at H + 0 166 sec. (S).
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(U) Using the derived n( X) data, equation 5 was .then used to calcu-

late the integrated source radiance, Nb. The integrals in this equation .
ab'

were computed numerically over the wavelength range 4000 to 7000 A.

The exposure time., .t, and lens aperture, f/n, .w.cre known instrumental-..

parameters. The values for effective exposure, E were obtained ... .... -.--:.--,

from the calibrated D log E film response curves generated for each ............. ......

film data record.

(J) The source radiance values presented in this report are in fact I
peak source radiance values corresponding to the most dense regions from .7•.. ..

each frame used for data analysis.

4.3 (S) Results of Peak Radiance Measurements (U)

IAll
(S) Using the nethods described above the peak source radiance .

time history has been determined for each. of' the observed Hula Hoop. .

events. Figures 24 through 27 are plots of the peak radiance history of .4
events Fr 47, Fr 48. Fr 49. and Fr 50 respectively. The maximum .

measured radiance values of these four events are seen to be within the I

same order of magnltude. The decay of the radiance curves is more N

rapid for events Fr 48 and Pr 50 as would be expected with signifi-

cantly lower yields. N

(S) Of the four events for which radiometric time history data was

obtained three exhibited reasonably welt defined second niaxima in the .

plotLed data. (Time to minimum was not resolvable in these data records A

bec,.use of their relatively slow framing rato. ) Tho second maxima occur 4

at times of 0. 14 see, about 0. 07 sec. an(d 0. 02 sec for Fr 47, Fr 49. -

2nd Fr 50 respectively. The value of 0. 07 for the Fr 49 event is

5:3
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Figure 24 (S). Event IVI 47 Som-ce 0spectral radiance vs. time (S).
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Figure 26 (S). Event V' 49 -Source spectral radiance vs. tim e (S).
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Figure 27 (S). Event I' 0 Source spctiral radiance vs. time (S). _

57J

SECRET.'



- . =- . . ......- .. 'I -i :! i

t SECRET

(S)
approximate since the data images are overexposed during this :time and .

thus represent a lower bound on the magnitude of the peak radiance in

this time regime.

(S) Structure was visible in all of the source images, from the Fr

48 event. This fact indicates that the generally opaque shock front was

optically transparent by the time of the first data frame-- or about

0.01 see.

(S) The yield, time of second maximum, and initial peak radiance

of the four observed Hula Hoop events are summarized in Table VIII. "i

Although the temporal resolution of the data records is not sufficient for

definitive analysis of the early time brightness characteristics, qualitative

differences are apparent in comparing the data. The larger yield event,

4 for example, exhibits a less bright intensity peak (but broader radiance

curve) than the smaller yield events as would be predicted. (Fr 48 is

not considered large enough to be included in the scope of'the previous

statement.) In general, however, the influence of the weather in the [I

detonation aren and throughout the 20 nautical mile range to the observa-

tion platform is not fully assessable and this would have to be weighed in

interpreting the resultant data.

(S) A typical isodensity contour graph made from a two-dimensional

isodensitometer scan is shown in Figure 28, from event Fr 47. This

type of density map is used directly in calculating the (spatially) integrated

radiance or optical power of a given image. The density contours shown

in Figure 28 were measured on a frame taken at H + 1.5 sec. At that

time a Wilson cloud had formed just above the horizon while the twin-

"1 lobed fireball was seen above the Wilson cloud.
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4.4 (S) Spectral Data Results (U)

(J).. A rapid scan Czerny-Turner video spectrometer was operated

on the first four 1973 series events as mentioned earlier in this section.

In general, this instrument covered the first second or two after detona-

tion and provided an indication of the spectral distribution of the main

radiating source for calculating source brightness during this early period.

(S) In addition to the rapid scan spectrometer, a two dimensional

spatially resolved spectrograph was operated in the wavelength region of I
5000 to 8700 A. The optical system incorporated a twenty element slit

matrix with a transmission grating spectrograph. An effective field of
i I view of about 20 x 2' was obtained by this system. For the Fr 47.

event the spectrographic system provided spatial information over a

1.4 km x 1.4 km region of the luminous debris could. Each of the

slits had an equivalent image of a 38 meter x 3. 8 meter rectangle on 7A

the cloud, Figure 29 shows a typical series of spectra obtained from Fr 4 7.

(S) The twenty slits were aligned in four diagonals with five slits

. i on each diagonal. Figure 30 shows a densitometer trace through a

single spectrum from the Fr 47 event. Some of the major atmospheric

absorption lines have been assigned and are so specified. The spectro-

graph was employed so that for small-yield detonations a comparison of

the event and surrounding air mass spectra could be obtained and for

larger yield events, or long lasting phenomena, spatially resolved spectra
could also be obtained. ,
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Figure 29 (S). Event Fr 47 -Typical multi-slit spectra (S)
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5.0 (s) DISCUSStON OF OPrICAr, OB~SERVATIONS (U7)

S)The 1973 Pactic test series consisted essentially of sma'.1

primary type devices. two of whic-h were so small as to preclude a n

ac-curate determination of their yield (-100 tons). Of the three nomninal

si~e vets' detonated the two balloon borne devices were photographed by

the shfip at H 0. O(, of these (Pi, 47) was also photographed for, aL significant period from the L AST. aircraft. Both the Fr 47 and Fr 49
evenits were of suffioent yield to permit significant radar type measure-

menits.

()The clearly defined formiation .6f-a scrie-c of layered ice caps

above the main debris cloiic c p of the Fr 47 event (see i~ection 2. 0)

is descriptive of nominal (10 -20 kt) and larger yields detonated near

the surface with appropriate weather conditions prevailing. Thus, this

eypriien wa ueful from the overall D)NA Iri-t' of view inasmuch as

it was representative of the effects of m~odeate and largter detonations.

4(S) A second aspect of the Pr 47 event was clearly documented in

the color data records. The dIistribution of the rc-ddi~li-brcwn. colored

regions of the debris cloud was espeiall ' well re-corded for this e:vent.

in particular the fact that signifi-ant aniourits of this NO type s,,bs~artce

were observed as a residual constituent of the debris cLoud stem as well

as the evolv-ing debris (-loud cap is Important to have established for futvure

m-ordeling estim ates of the distribution hi story of the NO, chen istry.

(10 fn summinary1 the optical dt~a res-Alting fr'om observations m-ade
9- f rom both the surface and airborne platforms provide appropriate and

pertinent results for expanding the phenometiological data base on suuh
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(U) The curvature of the earth limits the distance at which near

surface objects can be seen. Bowditch (Ref. 5) states that the range

of the visible horizon (R) is dependent upon the height of the observer (h)

through the following relation:

1/2
forh n ee ad i 1.144 (h)

for I in feet and R in nautical miles. This equation must be applied

twice, once for the height of the observer and once for the height of the

object above its local sea level, A total correction of 44 meters is
found for typical values of event ground range.. of 20 nautical miles and

an observing height of 30 feet. Thus to correct for the earth's curvature,
44 meters must be added to the horizon-object vertical separation distance

as calculated from the data frame.

(S) The earth curvature correction is subject to errors in range

, .. and observation height. If the ground range to the target is increased, .1
A....- for example, by one nautical mile, the correction is increased by 6 meters. ]

For events Fr 47 to Fr 50. the ground range to the burst point was -

determined by radar ranging to within a few yards and did not contribute

a significant error to burst height determination.

ri correction, varies with the ship's roll and vertical movement due to

swells. The effect of these height variations was calculated for the sea

conditions encountered during each event and included in Table IV as the

error in the earth's curvature correction. The maximum error was

+ 5 meters.
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SThe effect of boolo oend .y

Theefectofatmospheric refraction is to bedlight rays

L towards the horizon causing the observer to perceive a target altitude

higher than its true get-metrical position. Figure C-1 illustrates that

although the Rctual position of the target is T. -it will appear to be at A,.

along a line tangent to the curving ray at the position of the observer. 0.

+': The correction AT must be: calculated, therefore, to determine the actual

target altitude above sea level.

The radius of curvature, R, of a light ray within the atmosphere

is given by the equation (Ref. 6)- 4

R 1.266 x 10 T km (C. 1)
P(347I~)

where P is atmospheric pressure in millibars

T is temperature in OK

r is the negative of temperature change with

height in K/km (lapse rate)

In Figure C-2 the refraction correction, s. is given by the

equation: A

s R (sec a -I) (C. 2)

where the value of a in radians is:
OT

In the case being considered, the distance OT can be approxi-

mated by the known distance from the observer to ground zero, 01. The

error in the calculation of a introduced by this approximation is less

than .01%. The refraction correction equation (C. 2) then becomes

s = R sec-i (C. 3)
R

C-2
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I::A
A apparernt

actual path to

observer0

ground zeroI

earth

Fi gutre C -I Geometrical model for terrestrial
refraction ualc'ulation
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cUr-vature of .j

light rayA

RSee. aF

R cos a

Figure G 2 (eurnet r', usud fc tk fraultivt L) 'iec ti~l calculatio is
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IThe radius of curvature will change as a function of altitude

and atmospheric conditions. Using the appropriate atmospheric tempera-

ture and pressure information to solve for the radius of curvature. th.,L Iresulting apparent optical separation can be determined from eqatio

(C. 31. assuming the light ray is subject to the conditions~ of one altitude

regime for its entire path. Since the true light path pass-es throughImany of these layers, one may average the corrections from.; eahlae

length oftetotal path spent in each layer. are litdin TbeI o

the events of interest.

-3777
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TABLE D-il (S)

PRE-EVENT WEATHER OBSERVATION DATA

FVR 47 21 July 1973 1000Z (5

PRESSURE ALTITUDE TEMP.. DEW POINT WIND-DIR. - WIND SPEED-
(Mb) (mn (C) ( (nleg.) (knots)

1016 0 23.4 18.8 050 26.
1000 148 21.0, 17. 4 00- 23
964 480 17.8 16.6- -

946 Soo 16.0 14.7 --

905 1025 14.6 10.6 --

850 1528 10.8 8.0 345 13
834 1725 9.6 8.0 --

807 2000 9.4 3.6

400 313280 452

64 30 2600 5,431.

520 100 -4.7 M-255.6

5 0) 12830 -56.5 M3. 260 75
170665 -65.1 M-28.3

410 (t7)170 -16.7 -2270.7

100 16490 -19. 5 -27. 280 63

700 91860 -35. 3 m ~ 285 53

150 2to) 1040 -63. 1 M 270 75 3510I69 7. l206
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TABLE D-2. (S)

PRE- EVENT WINDS ALOFT

*.FR 47 21 July,,!.73 1000,Z (S)

ALTITUDE DIR!.It TION SPEED
(in)~d~erpes) (knots

0 0 261 *305 6125: 25
610 055S 20
914, "020 12

1219 355 12

1524 345 13A

1829 .40, 13
2.134 320 13
2438 315 13
2743 315 13

3048 280 12
3658 2901
4267 285 22

4877 275 27

*5486 265 33

6096 265 40
7620 280 53
9144 275 .. 53

10668 265 61'-
11887 260 72

(713106 260 73
14021 270 75
14935 270 67
15850 280 70
16764 275 67

17983 295 45
18288 290 46
19507 280 26

20422 280 35
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TABLE D-3 (S)

POST-EVENT WEATHER OBSERVATION DATA

FR 47 2 1 July 1973 2100Z (S)

PRESSURE AL-TITUDE TEMPERATURE DEW POINT
(mb) (n C C

1015. 0 24.4 21.4
1000 136 22.0 19.4
950 560 17.8 16.1

892 1080 14.8 11.9
850 1526 12.8 5.8-

832 1650 12.8 -6.2
775 . 2270 11.83 -18.2
700 3140 7.2 -20.8
500 5820 -10.1 -28.1

488 5990 -11. 5 -27.5

400 7510 -19.5 -31.5
338 8720 -28. 5 -41.5

318 9180 -32.7 -39.7
300 9590 -35.3 -43.3
294 9720 -34.7 -42.7

281 10020 . -3 8. 7 -45.7
250 10830 -44.7 ---

-200 12290 -57. 1
161 13600 -69. 5--
150 14050 -71.1--

100 16450 7.--

NOTE1I: No Wind IDirection anid Speed values available.

1)-4
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TABLE D-4 (S),.

POST-EVENT WINDS ALOFT

FR 47. 21.July 1973 20Z(S)

ALTITUDE DIRECTION SPEED.

(i)(eges (knota)..

0 -100 10 -

136 220 26
305 065 15
610.- 345 20
914 340 -23

1219 335 23
1524 325 23
1829 315 18. I
2134 300 151
2438 280 13

2743 265 171
3048 300 13
3140 300 13

3658 320 17 L
4267 305 23

4877 305 25 -

5486 285 32
5820 285 32 '

6096 280 35
II7510 270 53

7620 270 55
7925 275 65
9144 280 57
9590 280 5

10668 275 46

10830 275 45

11278 280 40

12290 280 43

14050 270 70
16450 277 53

D-5

SECRET



SECRET

TABLE D-5 (S)

PRE-EVENT WEATHER OBSERVATION DATA

FR 48 .28 July 1973 1 200Z (S)

PRESSURE ALTITUDE -TEMP. DEW POINT WIND DIR. WIND SPE ED

( mb) (i) (.C) () (deg.) (knQtS).

7 ---- 1018 0 24.6 . 21.0 135 23
1000 162 20.0 16.3 125 22

955 525 16.0 16.0 --

850 1539 8.8 8.8 85 12

-. .792 2125 4.8 4.8 --

785 2200 5.6 -10.4---
770 2350 7.0 -14.0- -

700 3134 6.0 -15..0 175 5
533 5175-7.9 -25.9 --

516 5400 -7. 5 -25.5 --

500 5620 -8. 1 -15.1 190 42

400 7310 -03 -. 3210 33
334 8625 -31. 1 -3 6. 1- -

300 9370 -37. 5 -44. 5 205 58
250 10610 -45. 9 -- 210 87

200 12070 -52.5 -- 195 78

158 13550 -60. 5 - -

150 13890 -61. 3 -- 240 47
138 14350 -61. 1 - -

119 15325 -64. 1 - -

100 (trop) 16340 -71. 1 -- 280 30
70 18500 -67.9 -- 295 20
50 20550 -64.1 -- 270 10I.30 23730 -57. 9 -- 275 16
20 26300 -55.7 -- 320 16ii10 30770 -50. 3 -- 310 58

7 33100 -50. 3 4\-

NOTEi: No winds aloft data.
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~;ITABLE D-6 (S)
POST-EVENT WEATHER OBSERVATION DATA

FR 48 28 July 1973 2400Z (S)

PRESSURE ALTITUDE TEMP. DEW POINT WIND DIR. WIND SPEED
(mb) (mn) (C) (C) (deg.) (knots)

1017 0 23. 4 -18.4 135 9
1000 152 22.0 17.6 130 10

927 750 16.2 15.4 --

902 1000 15.0 11.2 --

800 1150 14.0 12.3 --

850 1536 10.8 9.3 555
825 1800 8;*6 8.1---
811 1925 8.4 -16.6

700 3143 8.2 -17.8177

662 3600 6.4 -18.6 --

*602 4375 0.6 -22.4 --* j500 5850 -6. 5 -25.5 205 7
462 6475 -11.7 -19.7---
451 6625 -12.1 -24.1---

400 7550 -18.3 -28.3 220 20
~379 7950 -21.5 -27. 5- -

~Y.369 8150 -22. 5 -33. 5 --

300 9630 -34. 5 -44. 5 220 41
278 10150 -39. 7 -49. 7---

250 10880 -44. 1 -- 220 65
242 11150 -44. 5 - -

232 11400 -44. 5 - -

200 12370 -48. 3 -- 195 65
164 13650 -55. 3 - -

162 13750 -57. 5 - --

fr150 14220 -59. 3 -- 210 33
135 14900 -64. 3 - -

100 16690 -68. 9 -- 220 17570 18810 -67.9 -- 260 10

50 20870 -60.0 9 230 5

30 24110 -51.1 -- 275 23f20 267,90 -43.9 -- 280 13
NOTE: No winds aloft data.J
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IM, TABLE D-7 (S)

PRE- EVENT WEATHER OBSERVATION DATA

FR 49 -18 August 1973 1000Z (S)

PRESSURE ALTITUDE TEMP.. DEW POINT. WIND DIR. WIN SPEED

(mb) () (0 () (deg. ) (knots)

1019 0 23.0 19.8. 120 13
100 66 20.8 18.7 125 1

850 1548 9.8 8.4 065 03
816 1875 9.2 3.1 --

759 2475 6.2 0.1 -

734 2750 4.6 -7.4 --

715 2950 3.6 -25.4 -

700 3146 4.4 -24.6 200 06
683 :3325 4.4 -24.6- -

624 4075 0.6 -27.4- -

568 4825 -5.9 -32. 9- -

500 5810 - 11.3 -37.3 210 18
v400 7480 -25.1 -48.1 255 28

317 -- -31.7 -55. 7- -

300 9530 -34.1 -58.1 265 79

270 -- -39.7 -56. 7 -- J
250 10780 -43.3 M 260 80
200 12240 -53. 7 M 275 66
150 14060 -62. 3 M 265 73
145 --- - -280 86

100 16520 - 69. 3 Iv] 260 52

V. I89 (trop) --- 70. 7 lv 275 39

D- 8
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TABLIE D-8 (S)

'F'AgSt.97 .00 (S)-i

0 1
305 1

1219 s

1524
60 42

213445-
2438143
2743 240 5

3048 200 6
3658 2008

4267 1809

4877 215~ 10

5486 210 18

6096, 225 18I 6706 ,.250' 
22

7620 245 34

8534 265 .59
9144 260 68

9754 255 .. 85

11887 250 83
12192 275 66

13106 285 .7,8

13411 280 86.

14630 260 63

15240 290 .. 51

15544 295 .55

16764 265 43
17374 290 40

17983 300 40

1 8' 38 290' 41.
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TABLE D-9 (S)

POST-EVENT WEATHER OBSERVATION DATA

FR 49 18 August 1973 200OZ (S)

P-ESU-E--ALTTUD TEMPERATURE DEW POINT-
... --- (mb) (in) (0 )(C)

1019 0 22.6 19.2
1000 162 21.0 18.8

-850 1549 12.6 11.2
809 1900 11.0 4. 6
788 2200 10.6 3.9

728 2800 .6.6 -3.4

700 3161 .6.8 0.4K
680 3350 5.0 -2.8
623 4050 1.6 -6.2
583 4550 -3.1 -10.7

553 5000 -4.7 -12.4f
500 5840 -8.9 -16.5
400 7530 -21.5 -28.8
367 8150 -24. 3 -31.4
351 8450 -26. 9 -32.7

343 8650 -29. 5 -32. 1
* 1321 9050 -29.9 -34.3

1308 9400 -32.1 -34.3
1300 9600 -32. 5 -37.2

272 10200 -36.1 -42.7

250 10870 -39.9 -46.8
2-100 12370 -48.7
150 14220 -57. 1--
100I 16760 -62. 9 -L

NOTE: No winds available.
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K, TABLE D-10 (S)

PRE-EVENT WEATHER OBSERVATION DATA

FR 50 24 August 1973 1 000Z (S)
PRESU1~ALTITUDE -TEMP.- DEW POINT WIND DIR. WIDSPEED

(mb) (i) 0,c (0 deg. .(knots)

1020 0 23.2 21.3 115 18
1000 183 21.6 20.7 120 17

872 1375 13.8 13.4.- -

850 1572 13.6 9.9 80 -

811 2000 11.8 4.8 --

803 2075 11.8 6.8 --

759 2575 10.0 7.9 - --

729 2900 8.4 -10.6- -

700 3189 5.4 -3.6 55 15

658 3725 2.4 -20.6 --

5621 4200 2.0 -2)4.0- -

555 5075 -4.7 -27.7 -

534 5325 -4.7 -29.7 --

500 5870 -7.7 -~i7 60 27

469 6350 -10.3 -34.3 --

400 7570 -20.7 -39.7 85 31
386 7900 -23.9 -41.9 --

347 8675 -27.9 -46.9 --

300 9640 -34.9 -52.9 50 25

290 9950 -37.1 -54.1- -

250 10880 -45.1 -- 110 29
200 12350 -53.3 -- 140 10
191 12950 -55.1 --

181 13150 -55.3 - --

150 14170 -62.1 -- 200 16
117 (trop) 15875 .05 -- 215 31
100 16610 -70.3 -- 230 12

70 18730 -68.5 -- 260 10
50 20770 -64.1 -- 280 8

30 23960 -55.9- 200 10

NOTE: No winds aloft data.
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TABLE D- 11 (S)

POST-EVENT WEATHER OBSERVATION DATA

FR 50 24 August 1973 1900Z (S)

PRESSURE ALTITUDE TEMP. DEW POINT WIND DIR. WIND SPEED
(mb) (mn) (S) (C) (deg.) (knot s)

1023 0 23.8 21.6 85 8
1000 207. 22.0 21,5 m ~ 10

850 1603 13.4 13. 1 65 .15
768 2450 10.6 16 -- -

744 2700 8.8 18 -- -

700 3221 5. R -i. 2 80 10
671 3550 3.6 3, 6 --

653 3800 2.2 -8. 8 --

641 3950 1.6 -14. 4

500 5910 -6. 7 -23. 7 50 25
400 7620 -18. 1 .. 34. 1 35 18
300 9700 -34. 5 -48. 5 45 15

272 10425 -39. 1 -53. 1 --

250 10960 -42.3 -- 90 12 1

216 12000 -49.9 - --

200 12430 -51.9 -- 175 17
150m 14280 -58. 1 -- 235 26

125 15525 162. 7 - -

109 16450 -63.? 2.--

100 16780 -66. 7 -- 245 18
70 18950 -62.7 -- 250 14
50 21050 -56.5 -- 250 15

20 27100 -41.3 3257
30 2379 0 -46.1 Ni101

NOTE: No winds aloft data.
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